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Abstract. The inquiry-based learning mod- 
el can facilitate students’ understanding of 
scientific concepts. Scientific epistemologi- 

cal beliefs (SEBs) are related to students’ 
beliefs about the nature of the process of 
knowledge in science education. However, 
whether the “prediction-observation- 
explanation” (POE) inquiry-based learning 
model can facilitate fifth graders’ concept 
achievement and SEBs in science education 
has not been extensively studied. This study 
selected the unit of Light Refraction to 
explore the effects of POE learning on fifth 
graders’ science concept achievement and 
SEBs. The Light Refraction Test and Scien- 
tific Epistemological Beliefs measurement 
were applied to the two groups prior to and 
following the experiment. The experimental 
group (N=86) participated in POE inquiry- 
based learning, whereas the control group 
(N=88) participated without POE inquiry- 
based learning. The results revealed a sig- 
nificant difference between the two groups, 
with the experimental group learners 
performing better than the control group in 
the concept achievement. In addition, the 
results showed better positive effects of POE 
on experimental group learners’ SEBs in 

the scales of Source and Certainty. Findings 
suggested that learners achieved better 
concept achievements and SEBs with the 
approach of POE inquiry-based learning, 
which pointed to certain implications for 
inquiry-based teaching, as well as in educa- 
tion of future science instructors. 
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Introduction 


Cultivating the literacy of science has become the main goal in Chinese 
science education. Ozdem (2010) indicated that scientific concept knowledge 
was one of the important evaluation indicators for scientific literacy, while 
there has been increasing support for inquiry-based learning as a practical 
method to develop science learning and improve learners’ scientific literacy 
(Firman et al., 2019; Suarez et al., 2018). For example, Ozgiir and Yilmaz 
(2017) studied students’ learning of the Acids-bases concepts and showed 
that inquiry-based learning was a usable approach to improve students’ 
achievement. The Cairns and Areepattamannil (2019) study did show some 
positive results for dispositions towards science such as science self-concept; 
however, the results also revealed that inquiry science teaching and science 
achievement has had a significantly negative correlation. Considering the 
inconsistent results, it is necessary to study whether the approach of inquiry- 
based serves science achievement in the different inquiry approaches. Ac- 
cordingly, this study took POE (Prediction-Observation-Explanation) as the 
inquiry science learning model, as it has been proven to be a strongly way 
to learn physical sciences (Latifah et al., 2019). For example, Bunprom et al. 
(2019) showed that the POE learning strategy helped to overcome elev- 
enth graders’ misconceptions of temperature and heat materials. Calik and 
Baycelebi (2020) found that an intervention using the POE learning strategy 
stimulated fifth graders’ conceptions and awareness of healthy nutrition. 
However, a lack of such an intervention study at the level of fifth grader for 
learning the concept of light refraction calls for the current study. Whether 
the POE inquiry learning strategy will also promote the conceptual learning 
of light refraction for fifth graders remains to be seen. In this study, how POE 
affects fifth graders’ concept achievement while they are involved in learning 
light refraction was explored. 
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Mason and Bromme (2010) defined epistemological beliefs (EB) as “individual representations about knowl- 
edge and knowing’ (p. 1). EBs was considered to be a crucial factor in interpreting information and knowledge 
and was therefore related to learners’ conceptual understanding during the learning process (Songer & Linn, 
1991). Peffer and Ramezani (2019) emphasized the importance of exploring the effects of different teaching 
methods on scientific epistemological beliefs (SEBs). In the field of educational research, SEBs have been the 
focus of various science learning studies (Kampa et al., 2016). For example, Liang and Tsai (2010) have stated 
that learners’ SEBs might have an impact on science concept learning, science learning strategy selection (Hsu 
et al., 2014), and other learning behaviors (Lin et al., 2013). Accordingly, increasing attention has been paid to 
the impacts of inquiry-based teaching on learners’ SEBs. For example, Yang et al. (2019) studied the impacts 
of the web-based inquiry learning model on SEBs and found that it was beneficial for eighth grader to predict 
their knowledge integration performance. However, few studies have considered the impacts of applying the 
POE inquiry-based learning model to the SEBs of children, indicating that research on the SEBs of children was 
necessary (Zhou et al., 2019). Thus, how POE can activate or deactivate fifth graders’ SEBs in learning science 
was of interest in this study. 

According to the cognitive theory of multimedia learning (Mayer, 2014), learning is an active process of 
filtering, selecting, organizing, and integrating information based on one’s prior knowledge. Mayer's CTML 
presented the learning model in which the brain interprets learning material via a logical mental construction 
process. In line with this process, this study presented an inquiry-based science learning model, POE, to explore 
the effects on fifth graders’ concept achievements in the Light Refraction unit, and on their SEBs. 


Literature Review 
Inquiry-Based Learning 


The concept of inquiry has a long history in the public school system. Using an inquiry approach to teach 
science has been emphasized (Gillies & Rafter, 2020). Ketpichainarong et al. (2010) stated the inquiry-based 
learning refers to the pedagogical strategies that take scientific inquiry and use general processes as the meth- 
odology of teaching and learning; it emphasizes students asking questions, investigating, and solving problems. 
However, the inquiry has many meanings and interpretations, as Cairns and Areepattamannil (2019) discussed. 
For example, Annisa and Rohaeti (2018) pointed out that inquiry-based learning was an approach that involves 
asking questions, seeking information, and discovering new ideas that were relevant to an event. 

There were many inquiry-based learning models and various inquiry models which had different effects on 
science learning (Hong et al., 2019). Different inquiry-based learning models facilitated students’ understand- 
ing of scientific concepts differently (Rakkapao et al., 2014; Bumbacher et al., 2018). Jerrim et al. (2020) found 
that using inquiry-based teaching was frequently not related to a better science achievement. In other studies, 
students who frequently experienced inquiry-learning approaches in science courses showed lower levels of 
science achievement (Areepattamannil et al., 2020; Firman et al., 2019; Ozgiir & Yilmaz, 2017; Sarwi et al., 2019; 
Suarez et al., 2018). However, using different inquiry-based models yields different learning results. For example, 
the POE inquiry-based model is a potential way to promote students’ acquisition of conceptions (Hong et al., 
2014; Bednar et al., 1992). The study of Arsy et al. (2019) showed that implementing the POE learning strategy 
with the Group Investigation model was beneficial for training students to discover new knowledge, to improve 
the achievement and the quality of their learning. However, there was no particular study focused on using POE 
to explore children’s concept achievement in the area of Light Refraction. 


The POE Inquiry-Based Learning Model 


Pegg (2006) divided the inquiry-based learning model into three categories as follows: a) POCPE model 
involving the phases of prediction, observation, data collection, and explanation; b) POE model involving the 
phases of prediction, observation, and explanation; and c) PCMGE model involving the phases of prediction, data 
collection, measurement, graph making, and explanation. Compared to the other two inquiry-based learning 
models, POE was a more simplified version. In the POE model, the steps are as follows: a) present the students 
with a situation; b) ask them to predict about what will happen when changes are made; c) ask for their reasons 
for their prediction; d) have them perform the change and make observations; and e) have them try to make 
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consistent with any conflict between their predictions and observations (Gunstone, 1990). It was common for 
inquiry-based learning to be arranged into inquiry stages, which were combined to form an inquiry model 
(Pedaste et al., 2015). Anumber of different POE inquiry phases and models have been described; they enabled 
students to connect knew knowledge with their prior knowledge, and helped them absorb the knowledge 
(e.g., Mamun et al., 2020; Hong et al., 2019). Particularly, Costu et al. (2012) showed that the teaching strategy 
of POE-based promoted learners’ achievement. Hong et al. (2014) designed learning activities based on the 
POE inquiry learning model and found that it enhanced students’ interest in the topic and their intention to 
continue to learn science. 

Research studies had found that the POE inquiry learning approach contributed to learners’ conceptual 
understanding and learning science (e.g., Arsy et al., 2019; Ayvaci, 2013; Banawi et al., 2019; Chen et al., 2020; 
Hong et al., 2014; Jasdilla et al., 2018). For example, Chen et al. (2020) implemented the POE strategy in a science 
inquiry study and proved that POE promoted students’ conceptual change and science learning. In addition, 
Jasdilla et al. (2018) tested the POE strategy, and their results showed that it had effects on fifth-grade students’ 
mental models in science learning. Moreover, the study of Ayvaci (2013) implemented POE inquiry learning with 
a group of science teachers and concluded that it was effective and attractive for learning scientific concepts. 
This study focused on how POE could be applied to Light Refraction learning in a science classroom. 


Scientific Epistemological Beliefs 


William Perry was the first to study epistemological beliefs in learning (1970). His study aimed to better 
grasp how students interpreted their educational experiences. Epistemological beliefs refer to beliefs about the 
nature of knowledge and the process of knowing (Hofer & Pintrich, 1997). Hofer and Pintrich (1997) suggested 
epistemological beliefs consisted of four dimensions, where the “certainty of knowledge” dimension and the 
“simplicity of knowledge” dimension address the nature of knowledge, while the “source of knowing” dimension 
and the “justification of knowing” dimension concern the nature of knowing. Hofer and Pintrich’s epistemological 
beliefs theories provided the foundation upon which later research on individuals’ epistemological beliefs has 
been based. For example, based on Hofer’s (2000) works, Conley et al. (2004) suggested that the elementary 
students’ scientific epistemic beliefs should be divided into four dimensions. The four dimensions were “source” 
(e.g., authority or experts are the only source of science knowledge), “certainty” (e.g., there is only one right answer 
regarding science knowledge), “development” (e.g., science knowledge is a subject of constant development and 
change), and “justification” (e.g., evidence from different experiments builds the science knowledge), respectively. 

Many studies have shown that epistemological beliefs promoted scientific learning (Areepattamannil et 
al., 2020). She et al’s (2019) study indicated that epistemological beliefs about science are the most powerful 
predictors of learners’ scientific literacy performance. In Yang et al’s (2019) study, they examined the effects of 
the web-based inquiry learning model on SEBs. However, few studies have explored how POE inquiry learning 
affects children’s SEBs; thus, the present study paid attention to the influence of inquiry-based Light Refraction 
teaching on students’ SEBs. 


Research Questions 


From the results of the several studies described above, there were many benefits to POE. This approach 
which the teacher incorporated was implemented to assist learners in finding their own knowledge and improv- 
ing learning quality. However, none of the previous studies in the POE inquiry learning strategy have tested 
Light Refraction. Moreover, few studies have analyzed the effect on the concept achievements and SEBs of fifth 
graders when implementing POE learning-based teaching. Therefore, the current study explored the effects of 
the POE inquiry-based learning model on fifth graders’ concept achievement in the unit of Light Refraction and 
their SEBs, with the aim of answering the following research questions: 

1. What are the effects of the POE inquiry-based learning model on fifth graders’ concept achievement 
in Light Refraction? 
2. Whatare the effects of the POE inquiry-based learning model on fifth graders’ SEBs in Light Refraction? 
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Research Methodology 
General Background 


In this study, the experiment with pre-test and post-test design was adopted. As shown in Table 1, the control 
and experimental groups were tested by the Light Refraction Test (LRT) and Scientific Epistemological Beliefs 
measurement (SEBs), before and after the experiment. The experimental group participated in POE inquiry-based 
learning, while the control group did not. The study was implemented with fifth graders at a primary school in 
Jiangsu, China in the fall semester of 2020-2021. The same male science teacher, with 15 years of experience 
in science teaching, taught all control and experimental groups, and the groups were provided with identical 
content of Light Refraction. 


Table 1 
Research Design 


Group Pre-test Treatment Post-test 
Control LRT & SEBs POE inquiry model LRT & SEBs 
Experimental LRT & SEBs Conventional LRT & SEBs 
Sample 


The research sample was taken from four classes, with a total of 174 fifth grade students, all aged approxi- 
mately 11 years old. Two classes (46 boys and 40 girls) as the experimental group participated in the POE inquiry 
learning teaching and the other two classes (45 boys and 43 girls) as the control group participated without the 
POE inquiry learning. The questionnaire was issued in November 2020, and a total of 174 questionnaires were 
collected. Randomly filled questionnaires were recorded as invalid. After deleting 23 invalid questionnaires, 151 
questionnaires, including 70 from the experimental group (52.9% boys; 47.1% girls) and 81 from the control group 
(50.6% boys; 49.4% girls), were used for analysis in this study. This study followed the ethical guidelines provided 
by The Nanjing Normal University of China Human Research Ethics Committee. All participants were completely 
voluntary, and expressly informed consent, including the privacy measures necessary to protect their privacy 
interests. In addition, participants were informed that these tests would be used for this research purpose only 
and free to withdraw at any stage. 


Instrument 
The Light Refraction Test (LRT) 


In science education of Chinese fifth graders, the unit of Light Refraction is taught in the fifth grade. It 
is important for their future study that students acquire the concept of Light Refraction properly at that age. 

The Light Refraction Test was used to measure the fifth graders’ concept achievement of Light Refraction 
both before and after the treatment. Yang et al. (2008) suggested that the design of tests should be based on 
the science curriculum and teaching objectives. The test of this study mainly assessed the Light Refraction 
achievement in the basic concepts of Light Refraction. It consisted of five multiple-choice questions and four 
true-or-false items. One item was marked as one point. One sample of a multiple-choice question was: “Which 
of the following does not apply the convex lens principle?” And the choices were presbyopic glasses, magnifying 
glass, and rearview mirror. One sample of a true-or-false item was: “A convex lens can make an object look like 
an inverted image on a screen, whereas a concave lens cannot.’The same questions were applied to the pre-test 
and post-test, but the order differed. A panel of three science teachers determined the face validity and clarity 
of each test item. They also analyzed the relationship between the LRT items and the teaching objectives and 
verified that the LRT instrument had good content validity and measured construct validity, which was suitable 
for the participating students. 
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Scientific Epistemological Beliefs Measurement 


A measurement tool that was frequently utilized to evaluate students’ SEBs was the Conley et al’s (2004) 
questionnaire. This questionnaire contained four subscales and 26 items. The work by Tsai et al. (2011) translated 
Conley et al’s SEBs questionnaire into Chinese and validated this questionnaire by surveying students’ SEBs. This 
study revised this Chinese version questionnaire developed by Tsai and adopted a 5-point Likert scale where 1 
represents strongly disagree and 5 represents strongly agree. After exploratory factor analysis, six items (two from 
“source’, two from “certainty”, one from “development” and one from “justification”) were deleted. The revised SEBs 
measurement’s KMO was .742, and Bartlett p < .05, indicating that it was suitable for the fifth graders. The overall 
alpha value was .88, and the four subscales of SEBs’ alpha values were above .70 (ranged from .76 to .89). The in- 
strument was therefore considered to be reliable enough to evaluate the fifth graders’ SEBs. Detailed descriptions 
of each of the four subscales (20 items) as well as example items are provided below: 

e Source (3 items): Assessing students’ beliefs about external authorities and experts as the only source 
of scientific knowledge. Example item: “In science, you must believe everything you read from the sci- 
ence books” (scored in reverse). 

¢ Certainty (4 items): Reflected students’ beliefs in the right answer to knowledge in science. Example 
item: “Finding the right answer is the most important part of scientific research” (scored in reverse). 

¢ Development (6 items): Assessed students’ beliefs about science as a subject that is constantly evolving and 
changing. Example item: “Some scientific ideas today are different from what scientists used to consider.” 

e — Justification (7 items): Reflected students’ beliefs about the role of scientific experiments in science and 
how they justify scientific knowledge. Example item: “Curiosity and thinking about how things work 
lead to ideas about science experiments.” 


Design of a POE Inquiry-Based Learning Model for Light Refraction 


The POE learning model was an approach of promoting interest in science courses (Karamustafaoglu & Mam- 
lok-Naaman, 2015). Pegg (2006) divided the inquiry-based learning model into three categories. In this study, the 
model 2 involving the phases of prediction, observation, and explanation was applied to Light Refraction to help 
the students understand the concepts. In this study, the POE learning involved three rounds. Round 1 provided the 
students with a glass of water and a pen, round 2 with a convex lens and round 3 with a concave lens. Each round 
of the three phases of “prediction, observation and explanation’ are listed as follows and are illustrated in Figure 1. 

Prediction 1: Posed a question to guess (3 minutes). The teacher presented a glass of water and a pencil. 
The question was: After you put a pencil into water, what happens when looking from the top and the side? The 
students predicted the answers based on their prior knowledge and gave their reasons for the prediction. In this 
phase, the students were asked questions as a way of promoting their interest and motivation. They did not know 
whether their answers were right or wrong. 

Observation 1: Explored and observed phenomena (20 minutes). A group of students was given a pen anda 
glass of water; they put the pen into the water, then observed, discussed, and recorded the phenomenon. During 
this stage, the teacher facilitated their investigation by providing them with books, giving them directions, asking 
them questions, and encouraging them to explore and observe. 

Explanation 1: Answered and explained (17 minutes). After exploring and observing phenomena, the stu- 
dents explained the phenomenon of the pencil looking bent after being put into a glass of water. In this stage, 
the students reported their observations to the whole class and to interpret their collective findings. The teacher 
assisted students in finding that traveling from one transparent object to another, light's direction of travel bends 
at the interface. The teacher helped them to understand the phenomenon of a pen in water and the concept of 
Light Refraction. 

Prediction 2: Posed a question to guess (3 minutes). The teacher presented a convex lens. The question was: 
What are the shape and imaging features of a convex lens? The students predicted the answers based on their 
prior knowledge and gave reasons for their prediction. 

Observation 2: Explored and observed phenomena (10 minutes). Every student was provided with a convex 
lens to find reasons for their predictions and performed observations. In this stage, a group of students used a 
convex lens to observe a tree, which required them to collect their own data about convex lenses and the features 
of light passing through a convex lens, and to explore and observe certain phenomena. 


668 


Ass https://doi.org/10.33225/jbse/21.20.664 


Journal of Baltic Science Education, Vol. 20, No. 4, 2021 


ISSN 1648-3898 sprint 
ISSN 2538-7138 /oniines 


EXPLORING THE EFFECTS ON FIFTH GRADERS’ CONCEPT ACHIEVEMENT AND SCIENTIFIG 
EPISTEMOLOGICAL BELIEFS: APPLYING THE PREDICTION-OBSERVATION-EXPLANATION 
INQUIRY-BASED LEARNING MODEL IN SCIENCE EDUCATION 

(PP. 664-676) 


Explanation 2: Answered and explained (7 minutes). After exploring and observing phenomena, the students 
explained the shape and imaging characteristics of a convex lens. In this stage, the students reported their observa- 
tions to the whole class and to interpret their collective findings. The teacher assisted the students in finding that 
convex lenses are thick in the middle and thin on both sides, and they can receive light rays from the object and 
concentrate the light to form an inverted enlarged image. In addition, the teacher helped them to link the concept 
of a pen in water and the imaging characteristics of a convex lens. 

Prediction 3: Posed a question to guess (3 minutes). The teacher presented a concave lens. The question was: 
What are the shape and imaging features of concave lenses? The students predicted the answers based on their 
prior knowledge and gave their reasons for the prediction. 

Observation 3: Explored and observed phenomena (10 minutes). Every student was provided with a concave 
lens to find reasons for their predictions and performed observations. In this stage, a group of students used a 
concave lens to observe the class door, which required them to collect their own data about concave lenses and 
the features of light passing through a concave lens, and to explore and observe certain phenomena. 

Explanation 3: Answered and explained (7 minutes). After exploring and observing phenomena, the students 
explained the shape and imaging characteristics of a concave lens. In this stage, the students reported their ob- 
servations to the whole class and to interpret their collective findings. The teacher assisted the students in finding 
that concave lenses are thin in the middle and thick on both sides, and they can receive light rays from the object, 
but cannot concentrate the light to form an image. In addition, the teacher helped them to link the concept of 
imaging features of convex lenses and concave lenses. 


Figure 1 
The POE Inquiry-Based Model (The Experimental Procedure) 
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Observation 2 (10 mins) 


Students provided with convex 
lens to observe, discuss and record 
the phenomenon. 


Explanation 1 (17 mins) 


Traveling from one transparent 
object to another, light’s direction 
of travel bends at the interface. 
This phenomenon is called Light 
Refraction. 
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Explanation 2 (7 mins) 


Convex lenses are thick in the 
middle and thin on both sides. They 
can receive light rays from the 
object and concentrate the light to 
forms an inverted enlarged image. 
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Observation 3 (10 mins) 


Students provided with concave 
lens to observe, discuss and record 
the phenomenon. 


Explanation 3 (7 mins) 


Concave lenses are thin in the 
middle and thick on both sides. 
They can’t concentrate the light to 
forms an image. 
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Procedure 


This study was conducted over four 40-minute lessons. In lesson 1 (before the treatment), both groups of 
students took a pre-test. The LRT and SEBs questionnaires were administered to identify their lens conceptions 
knowledge, and to understand their SEBs, respectively. In lessons 2 to 3 (during the treatment), the control group 
participated in traditional teaching without lenses, at the beginning of which concepts related to Light Refraction 
were explained. The students then read about the content in their textbooks in the classroom, following which 
teacher conducted Light Refraction experiments based on the textbook. In contrast, the experimental group 
students performed experimental activities using the POE inquiry learning model. In lesson 2, the experimental 
group conducted the first round of POE. In lesson 3, the experimental group conducted a second and third round 
of POE. In lesson 4 (after the treatment), both groups took a post-test. The same instruments were used for all 
students to understand the effects of the treatment on their Light Refraction concept achievement and their SEBs. 


Data Analysis 


The pre-test and post-test learning achievement and SEBs data were carried out by SPSS (Statistical Package 
for the Social Sciences). Basic descriptive statistics (Number in a subsample N, mean M, standard deviation SD) of 
the numerical variables were determined. An independent sample t test was used to analyze the difference in the 
pre-test and post-test of the learning achievement, SEBs and four SEBs scales. In addition, the significance level of 
the independent sample t test in this research was set to p = .05. 


Research Results 
Concept Achievement of the Unit of Light Refraction 


Table 2 shows the independent sample t test of the fifth graders learning achievement. No significant differ- 
ence (t = .592, p = .555, effect size d = .101) was found between the two groups in the pre-test. However, in the 
post-test, there was a significant difference (t = -3.835, p < .05, effect size d = -.634) between the two groups. The 
post-test scores of the experimental group (M = 6.89, SD = 1.246) were higher than the control group (VM = 6.07, SD 
= 1.340). The inquiry approach of POE used with the experimental group had more success in terms of promoting 
learning achievement compared to the traditional teaching. 


Table 2 
Independent Sample t Test Results of the Two Groups’ Learning Achievement 


Group N M SD t df p d 
Pre- Control 81 4.36 1.248 
ie 592 149 555 101 
eS Experimental 70 4.24 4.122 
Control 81 6.07 1.340 
-3.835 149 <.05 634 
es Experimental 70 6.89 1.246 


Students’ Scientific Epistemological Beliefs 


Table 3 shows the independent sample t test of the fifth graders’ SEBs. As we can see for the two groups, the 
scores in post-test were higher than the pre-test. The pre-test results showed no significant difference between the 
two groups (t= -.334, p =.731, effect size d = -.043). However, in the post-test, there was a significant difference (t= 
-3.676, p < .05, effect size d = -.609) between the two groups. The average SEBs scores of the experimental group (M 
= 3.47, SD = .294) were higher than the control group (M = 3.28, SD = .329), indicating that the POE teaching which 
the experimental group received had more success in terms of promoting SEBs compared to the traditional teaching. 
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Table 3 
Independent Sample t Test Results of the Two Groups’ SEBs 


Group N M SD t df p d 
Pre- Control 81 3.09 398 
‘ek -.334 149 731 -.043 
es Experimental 70 3.11 530 
Control 81 3.28 329 
si -3.676 149 < 05 -609 
es Experimental 70 3.47 294 


The independent sample t test was employed to analyze the pre-test of the four SEBs scales. Table 4 shows 
that the four scales of “Source” (t = -1.118, p = .276, effect size d = -.174), “Certainty” (t = 1.56, p = .121, effect size 
d=.252),“Development” (t = -0.175, p = .861, effect size d = -.037) and “Justification” (t = -1.188, p = .237, effect size 
d= -.187) showed no significant difference in the pre-test. 


Table 4 
Independent Sample t Test Results of the Items of the Two Groups’ Pre-test SEBs 


Item Group N M SD t df p d 
Control 81 2.67 1.122 
Source -1.118 144.39 276 -.174 
Experimental 70 2.84 806 
Control 81 2.92 183 
Certainly 1.56 149 121 252 
Experimental 70 2.70 952 
Control 81 3.72 671 
Development -.175 123.946 861 -.037 
Experimental 70 3.75 925 
Control 81 3.91 481 
Justification -1.188 112.6 237 -.187 
Experimental 70 4.03 167 


The independent sample t test was employed to analyze the post-test of the four SEBs scales. In the post-test, 
Table 5 shows that there was a significant difference in the “Source” (t = -5.923, p < .05, effect size d = -.975) and 
“Certainty” (t = -2.914, p < .05, effect size d = -.463) scales between the experimental group and control group. The 
average SEBs score of the experimental group (M = 3.71, SD = .861) was significantly better than that of the con- 
trol group (M = 2.95, SD = .689) in the Source scale. The average SEBs score of the experimental group (M = 3.10, 
SD = .830) was significantly better than that of the control group (M = 2.77, SD =.572) in the Certainty scale. However, 
there was no difference in the “Development” (t = -0.603, p = .548, effect size d = .088) or “Justification” (t = -.829, 
p= 414, effect size d = -.135) scales. 


Table 5 
Independent Sample t Test Results of the Items of the Two Groups’ Post-test SEBs 


Item Group N M SD t df p d 
Control 81 2.95 861 
Source -5.923 149 <.05 -.975 
Experimental 70 3.71 .689 
Control 81 2.77 830 
Certainty -2.914 142.214 < 05 -.463 
Experimental 70 3.10 572 
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Item Group N M SD t df p d 

Control 81 4.10 496 

Development 603 149 548 088 
Experimental 70 4.05 629 
Control 81 4.18 478 

Justification -.829 149 A14 -.135 
Experimental 70 4.25 .555 

Discussion 


The Practice of POE Improved Fifth Graders’ Learning Achievement 


Through participating in explorations and discussion activities, the experimental group students regulated 
their thinking about their prior knowledge and reflected on it, in order to form their own connections among 
the science concepts (Jerrim et al., 2020; Zhang, 2019). Accordingly, one of the aims of the study was to explore 
the different influences of the POE learning inquiry model and traditional teaching on fifth graders’ concept 
achievement in the Light Refraction unit. According to the independent sample t test results, students in the two 
groups had similar prior knowledge in Light Refraction, but there were significant differences in their knowledge 
after the intervention, indicating that there were significant differences in the influence of the two methods of 
teaching on fifth graders’ concept achievement of Light Refraction. The result was supported by some previous 
studies, for example, POE inquiry learning promoted students’ learning of scientific concepts (Bunprom et al., 
2019; Fitriani et al., 2020; Karamustafaoglu & Mamlok-Naaman, 2015), indicating that the POE inquiry-based 
learning method was more effective than traditional teaching in terms of learners’ learning of the concepts of 
Light Refraction. 


The POE Inquiry-Based Learning Model Improved Fifth Graders’ SEBs 


The students’ SEBs are generated between knowledge claims and draw on experiences of the knowledge 
building process (Kienhues et al., 2016), where POE regulating the process of knowing is particularly relevant 
for knowledge comprehension (Braten et al., 2015). Based on the independent sample t test results, both the 
experimental and control group learners’ prior SEBs were similar, but there was a significant difference in their 
SEBs after the intervention, indicating that the experimental group could lead to better SEBs than the control 
group. The findings supported the earlier studies which also found positive effects of POE on students’ SEBs 
(Chen, 2017; Cheng, 2018), indicating a significant difference in the “Source” and “Certainty” dimensions for the 
control group and experimental group. However, there was no difference in the “Development” or “Justification” 
dimensions. The results were parallel to the findings of Conley et al’s (2004), which suggested that students de- 
velop SEBs that more sophisticated “source” and “certainty” were constructed and without significantly changing 
beliefs about “development” and “justifications.” Therefore, the approach of POE inquiry learning facilitated the 
fifth graders’“Source” and “Certainty” dimensions in two 40-minute lessons. 

The POE applied to Light Refraction learning was designed to encourage prediction, observation, and 
explanation, but it ignored argumentation. In addition, the time of the observation phase took half of each les- 
son. It was obvious that emphasizing observation limited the opportunities of the learners to use evidence to 
debate their ideas and to reflect on their inquiry activities. This might account for the lack of significant change 
in the dimensions of development and justification. The underlying mechanism of this change should be more 
validated in studies that make comparisons with science classrooms that adopt inquiry-based teaching strate- 
gies with a focus on argumentation and reflection (Herrenkohl et al., 1999). 


Conclusions and Implications 


This study presented the three round POE inquiry-based learning in the Light Refraction unit and explored 
its effects on fifth graders’ concept achievements and their SEBs. It could be concluded that learners achieved 
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better concept achievements and SEBs in POE inquiry-based learning. In addition, it showed better positive 
effects of POE inquiry-based learning on learners’ SEBs in the subscales of “source” and “certainty”. Therefore, 
when using the POE inquiry-based model teaching, instructors were suggested to strengthen the cultivation 
of learners’ SEBs in the scales of “development” and “justifications.” 

The implementation of the POE inquiry-based learning model is expected to provide theoretically and 
practically help for learners to learn simple science concepts. Theoretically, this implementation can help learn- 
ers to improve their concept achievement, and to build views of their own knowledge and knowing in science. 
Practically, the overall results of the present research suggest that when learners practice POE, it can help them 
understand Light Refraction and achieve better learning performance. Therefore, the POE model can be applied 
to promote students’ science learning and help learners gain a better understanding of exactly the generation 
and development of scientific knowledge. This study has some enlightenment for instructors that it needs to 
design different inquiry models according to different scientific concepts so as to effectively improve learner's 
concept achievement. It is of great significance to the education system of science instructors and enhancing 
their competencies for inquiry-based teaching. 

The implementation of the POE inquiry-based learning model is expected to provide the help for improving 
learners’ SEBs. Learners’ SEBs can be strengthened based on applying the POE learning-based model to teach- 
ing. Therefore, it is suggested that instructors use the POE learning-based model in science courses to improve 
learners’ SEBs. It is very important that the instructor applies inquiry teaching strategies to make learners play 
an active role in the teaching process. This study has an important contribution for instructors to design the 
teaching process using POE inquiry-based model teaching strategies. In scientific learning inquiry, there is often 
more than one prediction or question. If all of the predictions and questions are put at the beginning phase, it 
may be difficult to focus on the one prediction. However, if one POE model is explored one prediction in one 
round, many details can be focused on. Therefore, if there are a lot of predictions, it is suggested that instructors 
construct learners’ SEBs one prediction at a time, and one POE model at a time. 


Limitations 


This study has some limitations. The study implemented one unit of teaching. Therefore, the suitability of 
the POE inquiry model for other new units or new subjects is not certain. Thus, future studies can select more 
units or topics of science to conduct POE for students to learn and examine their SEBs and learning achievement. 
Teachers have been found to hold sophisticated scientific epistemological beliefs. Education can be enhanced if 
teachers are asked to examine their belief structures. This might in turn impact their SEBs beliefs about teachers’ 
and students’ roles. Therefore, in the future, it is suggested that the focus be on research of teachers’ epistemo- 
logical beliefs, especially in science education, and on what types of experiences impact the development of 
these beliefs and conceptions. In addition, due to the period of this study being short, with just 80 minutes over 
a period of two classes, the results of this study suggested that learners developed SEBs that the more sophisti- 
cated “source” and “certainty” were constructed and without significantly changing beliefs about “development” 
and “justifications.” Therefore, future studies may implement longer experiments to explore if the POE inquiry 
learning teaching can facilitate the students’“Source” and “Certainty” dimensions. 
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